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HEE Background
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� For the past few 

decades, there has 

been growing 

concern about the concern about the 

regeneration of oak-

dominated forests 

in Indiana

R. Kalb



HEE Background
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� Overstory dominated by oaks and 

hickories

� Pole and regeneration layers dominated 

by shade tolerants, mainly American 

beech, sugar maple and red maple
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HEE Background
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But . . .
� Forest management in Indiana has 

not generally been successful in 

regenerating oak on the best sites

� Public support for intensive � Public support for intensive 

silviculture on public lands is often 

lacking

� Little local data was available on 

the impact of management 

alternatives on other ecosystem 

functions

So . . .
� The Hardwood Ecosystem 

Experiment (HEE) was initiated in 

2006 with four main objectives:

R. Kalb

B. MacGowan



HEE Objectives

1. Develop silvicultural 
systems that 
maintain oak 
dominated forests

2. Determine the 
impacts of these 
systems of ecological 
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systems of ecological 
communities

3. Determine the 
impacts of these 
systems on human 
communities

4. Develop tools to 
engage the public 
regarding forest 
management and 
ecosystem health

A. Meier J. MacNeil

C. Mycroft

R. KalbSource: Kalb and Mycroft 2013
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Study sites

� Nine study sites on Morgan-
Monroe and Yellowwood 
State Forests

� Each unit includes a research 
core (190-270 ac) and buffer 
area (540-975 ac)
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MMSF Forestry 

Training Center

area (540-975 ac)

� 20 miles between 
nothernmost and 
southernmost units

A. MeierSource: Kalb and Mycroft 2013



Treatment schedule

� 2006

�Baseline data 
collection begins

� 2008-09

9

� First harvest cycle

� 2028

�Next scheduled 
harvest cycle

�Every 20 years 
until 2108



HEE Treatments



Control units
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Source: Kalb and Mycroft 2013

� No harvesting



Uneven-aged units
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Source: Kalb and Mycroft 2013

� Two each of 5 and 3 ac patch 

cuts (1st cycle only)

� Four 1 ac patch cuts (1st cycle 

only)

� Single tree-selection in matrix 

(all cycles)



Even-aged units
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Source: Kalb and Mycroft 2013

� Two clearcuts and two 

shelterwoods 8-10 ac each per 

treatment cycle

� Matrix unmanaged until next 

round of treatments



Single-tree selection, MMSF

14
2008 (Pre-harvest)

Spring 2009
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Spring 2011

Spring 2013

Photos: John Maxwell, Indiana DNR



3-ac patch cut, MMSF
2008 (Pre-harvest)

Spring 2009

Spring 2011

Spring 2013

Photos: John Maxwell, Indiana DNR



10-ac clearcut, MMSF
2008 

(Pre-harvest)

Spring 2009

Spring 2011

Spring 2013

Photos: John Maxwell, 

Indiana DNR
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Stand Level Studies
Start Date Inventories completed

Woodland Salamanders 2007 6

Bats 2006 7

Wood-boring Beetles 2006 6

Oak Mast Dynamics 2006 7

Small Mammals 2007 6

Deer exclosures 2010 2+Deer exclosures 2010 2+
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Landscape Level Studies
Start Date Inventories completed

Breeding Birds 2006 7

Cerulean Warblers 2007 6

Timber Rattlesnakes 2007 5

Eastern Box Turtles 2007 4

Owls 2009 4

Vegetation 2008 1.5Vegetation 2008 1.5

Social Science 2007 2



Salamanders
20 R. N. Williams, R.N. Chapman, Purdue University

� Clearcuts had significantly 

fewer encounters than areas 

adjacent to the clearcuts

� Patch cuts had significantly 

fewer encounters than 

controls
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B. Kalb

controls

� Slope and temperature also 

significant factors

� Clearcuts and patch cuts still 

appear to have fewer 

salamanders
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Source: MacNeil 2011, MacNeil et al. 2013



Bats
21 J. O’Keefe, Indiana State University and T. Carter, Ball State University

Studies

� Acoustics, mist-netting and 

radio-telemetry

� Northern long-eared bat 

(MYSE) most common on HEE 

sites
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sites

� Endangered Indiana bat 

(MYSO) present but 

uncommon

� Bat activity varies in response 

to treatment depending on 

species

� No radio-telemetry data 

yet, but provide invaluable 

data on northern long-eared 

bat habitat needs

T. Carter, Ball State University

Source: Nolder and Duchamp 2013Source: Sheets et al. 2013, HEE Annual Reports 2010-13
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� Early-successional guild

� All species except 

Brown-headed 

Cowbird increased 

in abundance

Mature-forest guild

Breeding birds
J. B. Dunning, Purdue University

Ovenbird

Eastern Towhee

� Mature-forest guild

� More variable 

response

� Either positive or 

non-significant 

response

� No significant 

negative effects

Source: Malloy 2012, Malloy and Dunning 2013



Cerulean Warblers
23 K. Islam, Ball State University

� Increased number of 

detections in even-aged and 

control units

� Decreased number of 

detections in uneven-aged 

units

Islam et al. 2012

units

� Nest success was highest in 

control units and lowest in 

uneven-aged units

� Territory size appears to be 

smaller near clearcuts

Source: Dibala 2012, Islam et al. 2012



Owls
24 R.K. Swihart and J.B. Dunning, Purdue University

Project design

� Citizen-science: almost all 

data is collected by volunteers

� Data analyzed for an 

undergraduate research 

projectproject

� Manuscript currently in 

preparation written by 

undergraduate researchers

K. DeCostaJ. Moore



Owls
25 R.K. Swihart and J.B. Dunning, Purdue University

� No consistent responses 

across properties

� Low Barred Owl occupancy in 

Brown County State Park 

potentially a result of high 

human activity

Barred Owl

human activity

� Eastern Screech Owl had a 

higher rate of occupancy 

when Barred Owls had lower 

rates

� But, how does this change 

over time?

Source: Leonard et al., in prep

Eastern Screech Owl



Additional HEE Studies
26 Start Date Inventories completed

Owls 2009 4

Deer exclosures 2010 2+

Nightjar surveys 2009 2

Ruffed Grouse surveys 2009 2

Year-round bird surveys 2009 2

American Woodcock surveys 2012 1American Woodcock surveys 2012 1

Epicormic branching 2011 1



HEE Summary to Date
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25 peer-reviewed journal publications 

in press or in print, 350 page US-

Forest Service General Technical 

Report

Almost 20 principal investigators from 

7 universities

22 graduate students have conducted 

graduate research on the HEE, more 

than 130 undergraduate and post-

baccalaureate technicians and 

researchers

Over 75 presentations to diverse 

audiences, from school groups to 

scientific meetings
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Future research directions

Diagram courtesy of Ken Kellner

K. DeCosta

K. Kaminski

A. Meier
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Presence vs. fitness

� We have seen changes in 

abundances of different species in 

response to forest 

Future research directions

management,     but . . .

� Do these changes reflect actual 

differences in the health of 

populations?

� How do these population responses 

change over time?

Source: Stoleson 2013



Stand Characteristics in 2100
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� In even-aged units, uniform mix of 0-100 

year old stands and greatest component of 

intolerants

� In control units, 200+ year old trees with 

increasing  rate of natural mortality

� In uneven-aged units, trees generally 0-100 � In uneven-aged units, trees generally 0-100 

years old with accelerated dominance by 

tolerants
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Development of advance oak 

regeneration

� We would like to see higher levels of 

oak seedling establishment and 

recruitement.

We suspect that this is largely due to 

Future research directions

� We suspect that this is largely due to 

a low number of oak seedlings and 

saplings prior to harvest.

� What effect would multiple, low-

intensity prescribed burns prior to 

treatment have on 

� Oak establishment?

� Residual tree quality?

� Are even-aged treatments necessary 

for oak establishment?



HEE Partners
32
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Thank you!

� To receive the HEE update newsletter 

(published twice a year) either,

� Sign your name and email or 

mailing address on the sheet I am 

circulatingcirculating

� Send me an 

email, meiera@purdue.edu with 

the subject “HEE newsletter” 

requesting to be added to the 

distribution list
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HEE Background
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� The HEE was initiated in 2006 to address 

these issues

� Funding agency

� Indiana Department of 
Natural Resources –Natural Resources –
Division of Forestry

� Location

� Morgan-Monroe and 
Yellowwood State Forests in 
southern Indiana

� Threatened and endangered 
species

T. Carter

B. MacGowan

K. Kaminski



Herbaceous feeders

Lepidoptera
37 K. Summerville, Drake University

All species

� Responses differ by functional traits

� Substantial increase in diversity of 

herbaceous feeders in clearcuts

� Pollinator diversity also higher in 

clearcuts

� Overall decrease in species diversity in 

clearcuts

� Patch cut species diversity rebounding

� Total number of individuals shows same 

pattern

Source: Summerville 2013
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� Age structure of Central Hardwood Forests

Shifley and Thompson 2011



HEE Background
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� How do we regenerate oak-hickory 

ecosystems in Indiana?

� Context:

� Altered disturbance � Altered disturbance 

regimes

�Wildlife habitat

R. Kalb
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Source: Wood et al. 2012 Source: Kellner et al. 2013



HEE Background
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� How do we regenerate oak-hickory 

ecosystems in Indiana?

� Context:

� Altered disturbance � Altered disturbance 

regimes

�Wildlife habitat

� Public perception of 

resource 

management
R. Kalb
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� Public perceptions of forest management

R. Kalb



HEE Objectives

� Develop even-aged and uneven-aged 

silvicultural systems that maintain oak 

dominated forest communities and 

landscapes

43



HEE Objectives

� Determine both the positive and negative 

impacts of these systems on populations 

of herbaceous, avian, and terrestrial 

amphibian groups

44

A. Meier J. MacNeilR. Kalb



HEE Objectives

� Determine the social and economic 

ramifications of these systems in both 

local and regional communities

45

D. Carlson C. Mycroft



HEE Objectives

� Provide demonstration sites and develop 

novel educational materials and techniques 

to engage the public concerning forest 

management

46

R. Kalb
R. Kalb



2008-09 Harvests
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Even-aged Control

Uneven-aged



Control units
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Structure and composition in 2100

� Mature forest beginning to 

experience overstory mortality

� Canopy dominated by 200+ 

year old oaks

� Strong maple-beech component 

in lower canopy



Uneven-aged units
49

Structure and composition in 2100

� 10 patches of 100 year old trees

� Matrix multi-aged

� Multiple strata in the canopy

� Accelerated transition to 

maple/beech dominance



Early-successional
Brown-headed Cowbird (Molothrus ater)

Carolina Wren (Thryothorus ludovicianus)

Indigo Bunting (Passerina cyanea)

Eastern Towhee (Pipilio erythrophthalmus)

Breeding birds
50 J. B. Dunning, Purdue University

Eastern Towhee (Pipilio erythrophthalmus)

Mature-forest
Acadian Flycatcher (Empidonax virescens)

Cerulean Warbler (Setophaga cerulea)

Ovenbird (Seiurus aurocapilla)

Red-eyed Vireo (Vireo olivaceus)

Scarlet Tanager (Piranga olivacea)

Worm-eating Warbler (Helmitheros vermivorum)

Wood Thrush (Hylocichla mustelina)

Source: Malloy 2012, Dunning and Malloy 2013



Stand: Bats
51 J. O’Keefe, Indiana State University and T. Carter, Ball State University

Studies

� Acoustics, mist-netting and 

radio-telemetry

� Northern long-eared bat 

(MYSE) most common on HEE 

sites

Islam et al. 2012

sites

� Endangered Indiana bat 

(MYSO) present but 

uncommon

Source: Sheets et al. 2013, HEE Annual Reports 2010-13

T. Carter, Ball State University
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Landscape vs. Stand
Case Study: Eastern Towhee

1.50

2.00
Pre-harvest

Post-harvest

Landscape Stand

Source: Malloy 2012, Malloy and Dunning 2013
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Landscape vs. Stand
Case study: Ovenbirds

1.50

2.00

Pre-harvest

Post-harvest

Landscape Stand

Source: Malloy 2012, Malloy and Dunning 2013
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Why the next 92 years are 
important

� Responses that appear negative at the 

stand level or in the short-term often 

are neutral (and sometimes positive) at 

the landscape level or over the long 

term

Many existing studies have quantified � Many existing studies have quantified 

stand level responses to forest 

management in time windows of 5-10 

years

� Gaining an understanding on the HEE 

of changes across the landscape over 

time will provide novel insights guiding 

the management of populations



Some HEE Publications
55
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Stand Level Studies

Salamanders

BatsBats
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Landscape Level Studies

Cerulean Warblers

VegetationVegetation


